Abstract: Falls among older people are widespread, and can be catastrophic in terms of injury magnitude, quality of life impact, and increased mortality risk. Among a multitude of factors influencing falls risk rates among older people are deficits in vision, and/or their effects on locomotion, balance, and functional ability. This review discusses the above topic, offers insight into what can be done in this realm based on the current body of literature. Sources drawn from leading peer review articles published over the last 30 years using key words: falls, vision, injury, fracture were retrieved and are analyzed and discussed. On this basis, the importance of falls and their prevention, and future clinical and research directives are highlighted. Expected to increase in prevalence falls cause much undue distress and high personal, as well as societal costs. The research literature on vision and falls, despite having major implications, remains limited at best, at present.
INTRODUCTION The Importance of Falls in an Aging Society
Owing to their widespread occurrence and deleterious impact, falls and their consequences continue to pose a major public health concern among older adults worldwide [1] . Even in the United States (U.S.), a highly advanced developed country, approximately one in three adults over age 65 experiences a fall on an annual basis [2] . Among those who survive, 20 to 30% have been found to suffer moderate to severe injuries that commonly reduce mobility and limit independence, even after controlling for chronic conditions and functional disabilities at baseline [3] . As well, about two-thirds of first-time fallers will experience a second fall within a six-month period [4] , approximately 42% will result in hospital admissions with a mean length of stay of 11.6 days, and approximately 50% of fall injury events that occur at home and require hospital admission will result in discharge to a nursing home [5] . Due to these and other complications including fear of falling and dependence [6] , the physical, social, and morbidity costs as well as the direct economic costs of treating fall injuries are consequently highly substantial [2] . Additional complications of multiple falls include significantly increased functional disability, and poorer responses to the prevention of nursing home falls [7] .
Much research has consequently been implemented to examine risk factors for falls other than age that might be amenable to prevention, and fortunately a vast body of this research shows a number of modifiable factors can explain the high rate of falling among the elderly, both in the community and in the nursing home setting. This is *Address correspondence to this author at the Department of Health and Behavior Studies, Teachers College, Box 114, 525W, 120 th Street, New York, NY 10027, USA; Tel: 1-212-678-3445; Fax: 1-212-678-8259; E-mail: rm226@columbia.edu important as the incidence of fall-related injuries and deaths, along with the costly disabling consequences of falls to both the individual and society in general are rising along with the average age of current populations such as the United States [8] . Indeed, it would seem imperative, more than ever, to continue to identify and categorize those predisposing risk factors for falls that are amenable to change and to apply this information in an optimal manner to prevent or allay the aforementioned highly deleterious cycle of events, found to be experienced by one third of persons over age 65, and about one in two over age 80 each year [9] .
Focusing on identifying commonplace risk factors for falling seems an especially reasonable idea, because probably fewer than 10 percent of all falls result from overwhelming intrinsic causes such as a loss of consciousness or extrinsic causes such as being hit by a car [10] . Rather, cumulative evidence indicates that among the elderly, factors deemed most likely to contribute to falls and fall injuries are: physical frailty, physical inactivity, alcohol misuse, cognitive and sensory impairments [9] , visual impairments and visual cognition [11] , neurological and musculoskeletal disabilities, psychoactive medications, and difficulties in gait and balance [12, 13] , most of which may be somewhat amenable to well-designed remedial interventions. Other factors include the use of inappropriate eyewear [14] , the overuse of psychoactive medications [15] , comorbid conditions and being underweight [16] or overweight with severe polyneuropathy [17] .
In addition, environmental factors such as slippery surfaces, uneven floors, poor lighting, loose rugs, unstable furniture items, and a variety of obstacles and objects on floors may pose further risk of falling and serious injury [17] . Other documented risk factors for falls include a variety of pathologic or disease states of later life leading to sedentary behaviors [18] ; health and functional status [19] , and individual behavioral factors such as risk taking [20] .
The failure to seek appropriate assistance from health care professionals and to employ prescribed preventive strategies [21] and the lack of targeted preventive and treatment services and other community resources are specific socioeconomic risk factors [22] that may also influence the risk of falls.
Since the risk of falling increases incrementally with the number of prevailing risk factors [9] , falls from multiple physiological risk factors usually result in recurrent falls [23] , and since the incidence of fall-related injuries and deaths is rising along with the average age of current populations such as the United States [8] , reducing one or more preventable fall-related risk factors might carry with it a proportionate reduction in fall frequency and injury risk [10] . Evidence based strategies to reduce modifiable falls risk factors include physical activity programs to improve strength [24, 25] , balance and coordination [26] , supervision to minimize the use of psychoactive medications [27] , interventions that maximize control of comorbid conditions [27] , and environmental assessments and modifications [28] . Others include the use of hip protectors [16] , as well as specific shoe types and dietary amendments and supplementation [25] . While mentioned in the research on this topic, much less emphasis has been placed on vision and its impairment as a potent and independent risk factor for falling in people over the age of 60 years [11] . This paper focuses on vision as a risk factor for falls, and reviews relevant research literature on how vision loss, a highly common age associated disability [11] , can influence the risk for falls, as well as how efforts to minimize vision loss and promote vision can reduce the risk for falls among community-dwelling older adults.
METHODS
To derive evidence-based implications for health promotion practices and policy to reduce the burden of falls injuries. CINAHL, COCHRANE, EMBASE, MEDLINE, and PUBMED computerized databases were used to search the research literature concerning falls injury mechanisms, prevalence data, risk factors, and prevention strategies published in English as full reports during 1974-2014. All types of study design were deemed acceptable, as the number of prospective studies remains limited, even though the topic of vision and falls appears to be increasing as a research focus.
Excluded were studies involving children, those that took place in nursing homes, those not related to vision and falls, or if vision was examined as a falls risk correlate but implications were not reported. The focus on falls in the community was adopted firstly because many elders today desire or are encouraged to remain in the community, and this area of fostering life quality for this increasing long-term home dwelling population is very diverse and under studied, while the specific reasons why elders fall in the nursing home environment has been fairly well studied. Keywords for searching included falls, fall injuries, falls prevention, vision, visual impairment, and the terms falls and vision when combined yielded 875 related citations. Many however did not address the question of interest in this present review and were not included. The number of relevant articles selected was 120.
In addition to research efforts designed to better understand the role of vision in heightening falls risk among community dwelling older adults, we tried to identify published reports on community-based efforts to reduce the risk of falls using multi-factorial approaches, and the degree to which these included vision oriented strategies. Best practices for improving visual acuity, and other reasons for vision challenges in the context of falling were also documented. A narrative approach was adopted due to the great heterogeneity of the research in this area, the numerous descriptive cross-sectional studies, the diverse range of topics studied, the small samples studied, and the presence of very few long-term prospective studies.
RESULTS

Vision and Falls
Visual impairments, highly prevalent in the elderly [29] are commonly associated with poor depth perception, which comprises binocular stereopsis or the ability to perceive objects in three dimensions and monocular cues implicating depth and motion cues [30] . They are also associated with a reduced ability to perceive contrast [31] , which involves the ability to detect stimuli of varying brightness against a background of given brightness [30] . In this regard, Legood et al. [31] found elderly people with reduced visual acuity, a measure of spatial resolution used for perceiving fine detail [30] were 1.7 times more likely to fall and 1.9 times more likely to have multiple falls compared with fully sighted populations. Moreover, poor distance visual acuity reportedly increased the risk of fractures related to falling [32, 33] , quite markedly, as did the presence of a visual impairment, in general [34] . Klein et al. [35] similarly noted that the odds ratios for 2 or more falls in the past year for the poorest categories of visual function were 2.02 (95% CI, 1.13, 3.63) for current binocular acuity and 1.85 (95% CI, 1.10, 3.12) for visual sensitivity, and French et al. [36] noted a link between injurious falls, and moderate, rather than severe self-reported visual impairments.
Although difficult to attribute directly to vision, since many confounding factors prevail among the elderly, in light of reasonably compelling evidence in some studies that vision loss increases the risk of frequent falls [37] , ReedJones et al. [11] has proposed that impaired vision is undoubtedly an important independent risk factor for falls, albeit an often underreported and underrepresented one in the context of research. This is consistent with earlier observations by Harwood [30] who found poor visual acuity, variously defined, almost doubled the risk of falling. As well, Patino et al. [38] found both central as well as visual peripheral impairments increased the risk for falls and falls with injury after initial examination in a dose-response manner.
In addition to age-related macular degeneration, presbyopia or a problem requiring bifocal corrective lenses, diabetic retinopathy, and glaucoma can all cause various forms of visual impairment that can raise falls risk [11, 30] . Lord et al. [39, 40] found that among the reasons why limited or disturbed vision may heighten the risk for falls was the use of multi-focal lenses, which can impair distance contrast sensitivity and depth perception, thus reducing the ability of the affected person to detect obstacles or environmental hazards [11] . Similarly the temporary loss of focus on stairs when wearing bifocal lenses can cause misjudgment of depth [30] . Bifocal lenses may also increase the risk for injurious falls in the outdoors because of the increased propensity to trip or estimate unexpected barriers or objects [11] .
Limited vision may also have an adverse effect on mobility when negotiating a raised surface such as a step [41] , as well as adversely affecting horizontal toe clearance and vertical toe clearance [42] , as well as balance [43] , and posture control [44] or both, thus potentially increasing the risk of falling when negotiating stairs [45] , as well as when walking. This is primarily because the elderly are more dependent on open loop control signals related in part to visual stimuli and influx for purposes of optimizing postural control [46] . As well, the presence of compromised vision can reduce one's ability to respond in a timely and effective way to environmental hazards, as can multifocal spectacles [45] , monocular blur and monovision correction contact lenses [42] .
Another finding is that many medications can cause visual disturbances that can similarly heighten the risk for falls, as may topical eye medication [30] even if vision is not actually impaired [11] . Glynn et al. [47] who analyzed serious falls determinants among elders with glaucoma and at least one prior fall found the greatest single risk factor for falls was the use of nonmiotic topical eye medications. Other factors associated with the risk of falls were use of miotic eye medications, and visual field impairment, suggesting that ocular and systemic medications are the major predictors of falls even in this elderly population seeking ophthalmologic care for glaucoma, and that certain medications may pose a greater risk for falls than major visual impairment.
It is also reported that severe binocular visual field loss greatly increases rates of falling [48] , as does reduced visual acuity [49] , which worsens after age 50, regardless of the presence of pathology [30] . Not surprisingly, impaired vision, which affects a high proportion of older individual [50] is found to be an independent risk factor for hip fractures, frequently caused by falls [32] , and among the Framingham Study Cohort, the fracture rates in those with moderately impaired vision to poor vision were higher than in those whose vision was considered good [51] . Further, those with moderately impaired vision in one eye and good vision in the other had higher risk of fracture than those with a similar degree of binocular impairment.
Klein et al. [52] found that for persons 60 years of age and older, hip fractures after the age of 40 were significantly related to all measures of visual function, and that time to walk a measured course was significantly related to all measures of visual function. They suggested their findings supported a consistent relationship between falls, fractures, gait time, and visual functions. Specific problems identified by Ivers et al. [53] that influence the risk of hip fracture were binocular visual acuity worse than 20/60, having poor vision in both eyes, having no depth perception, varying degrees of decreasing stereopsis, self-reported poor vision, not wearing glasses at the time of the fall, and increasing time since the last eye examination.
Close et al. [54] who assessed visual acuity with a Snellen chart, defined impaired vision as present where acuity was 6/12 or worse in either eye, or being partially sighted if corrected vision in both eyes was 6/24 or worse, or being blind if acuity was 6/60 or worse in both eyes. Poor binocular vision was defined as a disparity in acuity between the visual acuity of the eyes. Results showed 89 (59%) patients had visual impairment, and 94 (62%) had poor stereoscopic vision, and 53 (35%) had cataract formation in one or both eyes. Patients were 65 years and older, living in the community, who had presented to an accident and emergency department with a fall history.
In a retrospective case control study by Kantayaporn [55] that aimed to identify the factors of a fall that caused fractures including, gender, underlying diseases, chronic drug use, history of parent fragility fracture, age of menopause, steroid used, body mass index, visual acuity and a timed get up and go test, multivariate regression analysis of 336 cases of fractures in 1,244 cases of fall showed significant factors for the falling and fracture group that were different from falls without a fracture group. These factors included age, female gender, menopause before age 45 and visual impairment. In addition, visual impairment was the key factor other than osteoporosis implicated in falls that resulted in fractures. The author suggested that fracture prevention programs for the elderly should include attention to the correction of any prevailing visual impairment, not only osteoporosis related treatments.
Salonen and Kivela [23] who examined the evidence concerning poor depth perception/stereo acuity and poor low-contrast visual acuity as risk factors of recurrent falls found this quite convincing. Risk factors identified were discrepant vision, a decrease in visual acuity, and loss of visual field, although the results concerning the relationships between poor visual acuity and poor contrast sensitivity and the risk of recurrent falls were less clear.
Skalska et al. [56] who examined factors influencing falls risk among Poles, found visual impairment to be more frequent in fallers 55-59 years of age and 65 years and older. In the younger group, moderate vision impairment was found in 31.05% of non-fallers and 39.57% of fallers, and significant visual impairment or blindness was diagnosed in 0.35% of non-fallers and 1.69% of fallers (p=0.003). In the older non-fallers moderately impaired vision was present in 39.45% of cases studied and severe vision impairment was present in 1.67% of cases, while in fallers, the rates were 44.85% and 3.36%, respectively (p=0.0002). A higher frequency of vision impairment in fallers was found in both genders. That is, moderate vision impairments were found in 41.31% of men and 44.76% of women, and severe impairments were found in 3.10% of men and 2.98% of women, compared to rates among non-fallers where moderate and severely impaired vision was present in 37.15% and 1.15% of men and 36.21% and 1.28% of women. In both age groups, the authors found falls occurred more frequently in subjects with impaired vision, and the percentage of fallers increased with the severity of impairment.
French et al. [36] who analyzed injurious falls and related self-reported incapacities found an increased odds of injurious falls with moderate visual impairment. The observation that moderate but not severe visual impairment was predictive of a past fall was noteworthy. The authors felt that those with more severe impairment might be more cautious than those with less severe vision impairments. They also suggested that visual dysfunction, is not a single sensory problem, but may be more complex than this and can contribute to falls through a number of different mechanisms. This is consistent with findings of Nagamutsu et al. [57] who noted altered visual-spatial attention to taskirrelevant information was associated with heightened falls risk among older adults.
Yet, even though poor vision has been associated with frailty in the elderly, and an increased risk of falls and sustaining a fracture [50] , and vision impairments can be both independent or co-occurring risk factors for fall [58] , the presence of a visual impairment may go undetected, as far as being a possible risk factor for future falls, and guidelines for preventing falls generally only focus on vision in a very limited way, even though some of these conditions are treatable [50] . Moreover, few focus on visual cognition as a separate or co occurring risk factor despite increasing evidence that this function plays a key role in motor processing and anticipation [11] . In terms of falls-related prevention programs, Gillespie et al. [24] who examined the efficacy of randomized controlled trials of interventions designed to minimize risk factors for falls among the community-dwelling, including the institutionalized and hospitalized elderly, noted that providers contemplating implementation of falls-prevention programs should first consider screening the "at-risk" elderly, and then follow this with intervention programs designed to reduce the risk of falling due to both individual intrinsic and extrinsic causes.
In this respect, understanding what components of vision are most likely to be responsible for increasing the risk for multiple falls [37] , as well as other factors that can cause poor vision such as incorrect prescription lenses, scratched lenses, not wearing glasses when needed, the inability to afford lenses, health issues such as diabetes, and vascular abnormalities should be evaluated. While, peripheral vision is reportedly of great importance, especially in outdoor activities, that involve walking in a crowd, in traffic, and on level or irregular ground [58] , the most important visual risk factors are said to be reduced contrast sensitivity and depth perception [40] . Multifocal lenses and bi focal glasses may likewise heighten the risk for falling as a result of a reduction in the ability to detect environmental hazards [40, 59] . As well, these individuals may not be able to see a poorly lit bottom step, may not notice surface changes from a carpet to slippery tiles, and their protective responses such as grabbing a rail may be hindered [59] .
Unsurprisingly, compared to those without vision impairments Legood [31] found those adults with visual impairments to be seven times more likely to fall and incur serious injury. Reasons for vision deficits include ocular conditions such as diabetic retinopathy, glaucoma, and cataracts. These impairments and others can produce moderate to severe visual impairments that can affect central vision acuity and peripheral vision or both [29] , and along with environmental factors such as difficulties in color vision, when perceiving pastel and dark colors, may compromise the ability to judge distances and obstacles or irregularities in the visual field. This is because in many public areas, where pastel colors are used, it may be difficult to detect differences between various surfaces, thus increasing the risk for falls [58] .
Although Cummings et al. [60] comprehensive vision and eye assessment, followed by treatment did not reduce falls risk, and may have increased this, strategies that may be helpful for minimizing falls risk among older persons in the community include the timely assessment of visual acuity, contrast sensitivity, and depth perception [61] , corrective eye surgery, the prescription of appropriate eyewear, changing glasses, and selected pharmacologic and environmental assessments and interventions [29, 61] . Others have stressed the importance of assessing factors such as visual attention, visual processing, and visual-spatial ability that influence mobility and obstacle avoidance, followed by appropriate treatment, and in cases where it is impossible to reverse the presence of pathology, and restore normal vision, the main aim should be to prevent deterioration [30] . Others who have examined current binocular vision, best-corrected vision, near vision, contrast sensitivity, and visual sensitivity or threshold, recorded using perimetry [35] , have suggested that any form of visual impairment may increase falls risk, and since falls risk increases as visual impairment worsens, measures to optimize vision along with the visual environment may be helpful [30] . In addition to correcting refractive errors [53] , and possible cataract surgery where indicated [30] , the use of single rather than multifocal glasses may help to reduce falls risk [40] . As well, the use of bright colors and contrasts and taking into account the elderly may have red-green vision defects may be helpful when planning public facilities and spaces [58] . Tinetti [62] also discussed the possibility that public health-mandated changes in the environment, such as high-contrast curb and stair markers in public places may prove helpful. As well, appropriate advice about the use of multifocal lenses when walking, and more thought to what would constitute safe and appropriate floor patterns for visually impaired older people might prove useful as well.
Day et al. [63] who did compare a group based exercise, home hazard and vision improvement strategies over a 15 week period, observed that only the exercise intervention had an effect, and although it appeared the intervention improved vision, an increased falls risk was observed. However, numbers actually treated for vision impairments were very low and a clear multidisciplinary approach was not followed. Similarly, simply introducing vision screening for frail older people may not lead to improvements in vision, and hence used in isolation, may provide no direct influence on falls risk, unless more comprehensive approaches, as well as more specific analyses of any prevailing visual problems are forthcoming [64] . In more recent attempts to reduce falls risk, the specific role of vision was not mentioned implicitly, however [65, 66] .
Clemson et al. [67] conducted a program called The Stepping On program that included regular visual screening, and making adaptations to low vision, among other interventions to reduce falls among the elderly. The intervention group experienced a 31% reduction in falls, which was deemed clinically significant. In another study, Lord et al. [68] examined whether an individualized falls prevention program comprising exercise, visual, and counseling interventions could reduce physiological falls risk and falls among older people. In this study, 620 people aged 75 and older received individualized interventions comprising exercise and strategies for maximizing vision and sensation; while the minimal intervention group received brief advice; and the control group received no intervention. Results showed subjects assigned to the extensive visual intervention group showed significant improvements in tests of visual acuity and contrast sensitivity. The rate of falls and injurious falls within the trial period were similar in the three groups, however.
Thus, while several studies support a compelling case on theoretical grounds for the potential efficacy of visual oriented interventions in preventing falls and fall-related injuries larger and more well-controlled prospective studies of the community-dwelling elderly at "high risk" for falls that clearly provide tailored vision related interventions such as that by Haran et al. [69] and Fitzharris et al. [70] are needed to establish whether these are efficacious or not. [20] , very few of these guidelines provide insight into how vision interventions and assessments might prove helpful, and vision was not listed as an intrinsic risk factor in a recent review of falls in the elderly [71] . Perhaps more focused comprehensive assessments of vision and actual mobility and postural tests would be helpful for assessing those at risk for falling. This is because altering vision alone may not be sufficient for fostering integrated functional strategies needed in the real world for avoiding hazards.
VISUAL CONTROL OF BALANCE AND LOCO-MOTION-AND FALLS
There are many examples in the research literature that show vision and vision cognition including visual attention, visual spatial ability, and visual processing [11] play an anticipatory role in locomotion [72] , and in planning an appropriate motor response [11] . These visually derived adjustments in turn are linked to basic locomotor programs by the motor cortex and interconnected parietal and cerebellar areas [73] , and normally result in the regulation of step length and speed, which may be reduced, disrupted, or compromised in the presence of reduced visual input [74] . Impaired vision and uncorrected refractive error can also affect balance [75] , spatial-updating of position [76] , and postural sway [30] adversely thus increasing the risk for falling [40] , especially in those with reduced distant contrast sensitivity and a measure of depth perception called stereopsis. According to Gibson [77] , this is because the eye registers the flow pattern of the optic array as well as the static pattern of the array, and this flow pattern in turn, provides for visual kinaesthesis or 'feedback' about the environment which can be used to control and guide exploratory locomotor behavior and may influence interneurones responsible for gait. Moreover, visual mechanisms for correcting sway are increasingly important for the elderly where those of the muscles and tendons decline with age, but these reaction times are generally slower than those of muscle and tendon and may be significantly increased in the elderly person with a vision problem [30] . In addition, research shows that individuals with low vision often have difficulties adapting to extreme lighting levels, environmental obstacles or challenges, complex walking surfaces, and walking in unfamiliar areas, and may lack the ability to judge distances and spatial relations accurately and in a timely way, thus increasing the risk for falls [40] .
Furthermore, although Thompson [78] argued that it may be unnecessary to pick up visual information during substantial parts of any locomotor act; and that this information may only become critical in the final stages of the movement when precision is required, a study of longjumpers [79] showed visually directed corrections must be made three to four strides before stride adjustments are required. In addition, Laurent and Thomson [72] showed that well-coordinated visual regulation depends on intermittent information being available over the last three strides as a target is approached.
Patla [80] who agreed that accuracy in modulating step length is partially dependent on the timing of the visual cue, found that later cuing introduced greater variability among subjects in step length adjustments, and that the larger the adjustment required, the greater the destabilizing effect.
These data support results of work by Lee et al. [79] who concluded that certain features/invariants of the optic array must be present for the precise timing required to be successful in various target/obstacle avoidance tasks. This premise was further supported by Patla [81] who reported that in clearing obstacles subjects tended to be more successful if cued earlier rather than later. Unsurprisingly, according to a multivariate model, a history of recurrent falling, coupled with trouble with vision when moving, was observed by Iinattiniemi et al. [82] in a population of homedwelling subjects aged 85 years or older followed prospectively.
According to Laurent and Thompson [72] key factors found to alter co-ordination and effective breaking during a locomotor task are the availability of peripheral visual information, the amount of visual information available, the subjects level of skill, the features of the task, the subject's breaking power and the prevailing speed information. The importance of peripheral visual cues for maintenance of locomotor equilibrium during fast walking over a narrow beam has also been demonstrated [83] . As outlined by Lord [40] , the ability to accurately perceive and process visual stimuli has a profound influence on balance, the ability judge distances and spatial relations, and the ability to detect obstacles or hazards in a timely way. Harwood [30] reports vision may also contribute to poor stability in cases with dementia due to loss of visual fixation, and that instability in vestibular disease may have a visual component because the vestibular-ocular reflex helps stabilize retinal images during motion. Earlier, Lord et al. [39] found that whereas visual acuity and contrast sensitivity were not associated with body sway when older subjects stood on a firm base, when placed in a destabilizing situation, body sway and poor visual acuity and contrast sensitivity were significantly correlated. There was also a difference in contrast sensitivity between those who fell one or more times in a year of follow-up and those who did not fall. It also appears that reduced vision may be a predisposing factor to postural imbalance and falls in elderly persons.
According to Black et al. [84] a major portion of visual information is used to guide lower limb movements, foot placement, and obstacle detection, which may be important in relation to attempts to reduce falls in the elderly. In particular, a loss of the inferior field of vision region in particular is an important predictor of prospective falls, as is blurred vision [85] .
Uemura et al. [86] studied whether an impairment in visual-spatial attention that can cause difficulties in planning and guiding movements, can lead to falls in older adults. They examined the relationship between visual-spatial attention during movement and the risk of falling in 36 older adults, mean age 73 years who performed a rapid choice stepping task in response to flanker task stimuli.
Step errors in congruent or incongruent conditions were recorded as a measure of the accuracy of the choice stepping outcome. The four clinical measurements assessed were: 10-min walking time, the timed up and go test, the functional reach test and a 5-chair stand test. The authors found high-risk participants had a significantly higher rate of step errors in the incongruent condition than low-risk participants (p =0.032).
Step error in the incongruent condition was the only independent variable which remained significant in the final step of a logistic regression analysis. Although patients with central vision loss, are said to adopt a cautious gait strategy during tasks that present a high risk of falling [87] , it was concluded by Uemura et al. [86] that impaired choice stepping in response to a visual-spatial attention-demanding task was associated with the risk of falling in older adults.
Barrett et al. [76] examined the role of vision in spatial updating and its potential contribution to an increased risk of falls in older healthy and fall prone adults using a path integration task. Specifically, the participants had to undertake a triangle completion task in which they were guided along two sides of a triangular route and were then required to return, unguided, to the point where they had begun. During the task, participants could either clearly use full vision to view their surroundings or wore translucent goggles to reduce visuo-spatial information. Performance on the path integration task was assessed by calculating the distance and angular deviation from the participant's return point relative to the starting point. Gait parameters for the unguided walk were also recorded. The authors found equal performance outcomes across groups on all measures for the full vision condition. In contrast, in the reduced vision condition, where participants had to rely on interoceptive cues to spatially update their position, fall-prone older adults made significantly larger distance errors relative to healthy participants. The findings suggested fall-prone older adults, may have greater difficulty in reweighting other sensory cues for spatial updating when visual information is unreliable.
By taking some of this research into account it seems the earlier the required locomotor adaptations are visually identified, the greater appears the liklihood of a successful and economic adaptation. In addition the larger the magnitude of adjustment required, the greater the liklihood of adjustment accuracy, if the visual information is processed during the period when the foot is in contact with the ground. For self-paced movements, intermittent visual sampling may be sufficient to ensure accuracy of movement, but during rapid movements however, consistent vision is desirable to prevent movement inaccuracy. Table 1 provides an overview of differences in visual and locomotor adaptations with and without impaired vision, regardless of cause.
DISCUSSION
In light of the growing proportion of the elderly in the United States and other developed nations, the consequences 
Impaired Vision results in Modified gait
Reduced visual attention
Reduced ability to identify hazards [59] Slow vision reaction times [98] Increased vertical toe clearance variability [74] More unsafe locomotion Disruption of the timing and magnitude of stepping adjustments [74] Less postural stability [103, 105] Greater difficulty reweighting other sensory cues for spatial updating [76] Challenges due to obstacles, uneven surfaces, stairs
Diminished protective responses, such as grabbing a rail [59] Overreliance on visuo-spatial information for spatial cognition but fail to adjust behavior adequately when this information is unreliable [104] of falls among the elderly, and the documented potential for preventing both the number and severity of injuries due to falls [1] , we believe more attention to the role of vision and visual impairment or disruption, highly prevalent in this age group, is highly relevant in efforts to minimize falls risk among the elderly.
However, even though Coleman et al. [88] found severe binocular visual field loss due primarily to cataracts, glaucoma, and age-related macular degeneration explained 33.3% of the falls among women who fell frequently, and loss of vision increased falls frequency [37] , with few exceptions vision is not always routinely assessed and concerted high-quality collaborative efforts to systematize the collection of vision problems in the context of fall-injury surveillance data are sadly lacking, despite increasing evidence that poor depth perception and poor low-contrast visual acuity are risk factors for recurrent falls [23] . Even when measured, Davidson et al. [89] and Close et al. [54] did not provide any treatment related information regarding their referral rates for visual assessments.
In addition, guidelines for preventing falls in older people do not necessarily contain references to improving visual function [90] , and health practitioners do not necessarily always address the complexity of vision and its role in falls, and the fact that different aspects of visual functioning may have different relationships to falling and fractures [91] , even if they recommend vision checks [92, 93] , or optimizing vision [94] or interventions related to vision [95] , and regular eye exams and up to date corrective lenses [11] . That is, they do not always assess the vision of their older patients, and even if they do, they do not necessarily clearly understand the link between vision and falls, and vision and function, and vision and balance, and that some intervention strategies may increase rather than decrease the risk of falls. On the other hand, vision screening alone did not lead directly to improved vision according to research by Chou et al. [96] , and while appropriate counselling, plus the provision of single lens glasses for older wearers of multifocal glasses who take part in regular outdoor activities is an effective falls prevention strategy, the intervention may be harmful, in those multifocal glasses wearers who pursue low levels of outdoor activity [69] .
Given that visual field loss is the primary vision component that increases the risk of falls and the importance of visual field deficits in the risk of falls due to its adverse effects on mobility and increased risk of bumping into obstacles or tripping with worsening visual field function [97] , and the increased falls risk among those with macular degeneration with increasing age as a result of diminished vision, visual processing speed, and balance [98] as outlined in Table 2 , the wide implementation of screening programs for identifying those elders who are clearly at risk for single and recurrent falls, as a result of one or more visual issues through well-organized and managed health screening centers is highly recommended [99] . In addition given that among those older adults with age-associated macular degeneration where increased visual impairment is significantly associated with an increased incidence of falls and other injuries, and reduced contrast sensitivity is significantly associated with both increased rates of falls and other injuries, while reduced visual acuity was only associated with increased fall rate [49] , very careful assessments are desirable in efforts to optimize outcomes, while minimizing costs.
In light of this complexity, the failure to accurately identify the specific visual impairments of the individual, as well as other risk factors for falls, and poorly designed care plans that are not carefully tailored efforts to maximize vision, including visual training [11] , may hence prove suboptimal for improving the outcomes of either individual patients. Such efforts among those who have never fallen, as well as among those who have a history of falls, those undergoing cataract surgery, and among younger adults, not only older adults may however, be highly influential in minimizing falls risk and should be made a high priority.
Similarly, despite mounting evidence suggesting that assessments of home environmental risk factors and their remediation can abate the incidence and severity of falls injuries [63] , these ideas for taking preventive actions to reduce falls, will not be as effective as they might be for those with visual problems, if these are not assessed and targeted accordingly in and outside the home, and account for the activity level and practices of the individual. Moreover, they are unlikely to succeed without the incorporation of visual training coupled with physical activities such as balance, and exercises that can improve mobility and function, as well as instructional training on where to look when walking or stepping [11] .
Policy also needs to support research on the value of introducing a multidisciplinary approach to assist with minimizing falls risk, including support for environmental modifications, visual aid requirements, vision consultations and surgery, as required and sustainable support services. The value of careful planning of public spaces, coverage for eye exams and remedial interventions, and individualized interventions to reduce potentially modifiable vision related risk factors for falling, such as poor lighting and inappropriate eyewear, poor health status, and modifiable environmental risk factors should also be examined in large scale prospective studies with individuals of varying degrees of visual dysfunction.
Since approximately half of the community-dwelling population older than 85 years of age will fall each year [9] , and falls are a highly important cause of excess mortality and morbidity in older people [100] , the specific needs of those with any evidence of a visual impairment should receive more attention. In particular, although fewer people below age 85 living in the community fall each year, with only a relatively small proportion of fallers experiencing multiple falls, the link between vision impairments and falling and other injuries is compelling and should not be underestimated. Identifying those at increased risk for falling because of vision problems, which may also be more severe if the individual has other sensory impairments [101] , a history of previous falls, chronic diseases, and multiple medication use [100] should clearly constitute an essential component of any future fall risk-abatement strategy if we are to reduce the high mortality and morbidity rates associated with falls. In addition, more thought to the type of visual impairment that is observed, along with patient education and appropriate care plans that follow will undoubtedly help to reduce falls risk among those with vision impairments, as outlined by To et al. [102] who found adults with bilateral cataracts were at high risk of falls and in need of falls prevention interventions. They also recommended ophthalmologists and health professionals to consider contrast sensitivity measures when prioritizing cataract patients for surgery and assessing their risk of falls.
However, this means making investments in training community-based personnel not only to routinely implement and evaluate specific screening and intervention strategies that have been identified as best practices, but to develop patient specific targeted interventions. Such strategies might include, falls-related health education, counseling, physical activities, group activities, as well as efforts to correct central vision and/or peripheral visual components [38] where indicated (see Box 1). Other forms of intervention that have the potential to reduce individual-level risk of falling, such as visual training that can improve spatial cognition are recommended as well [11] and exercise, reducing risk-taking behaviors [84] , and increasing the awareness among practitioners of the link between vision loss and falls, and identifying opportunities to reduce hazardous environmental factors [84] . The implementation of careful assessments to examine what necessary equipment and environmental modifications are needed both in and outside of the home and training or employing highly qualified skilled personnel to appropriate these changes must also receive support.
Box 1.
Examples of prevention strategies that might be helpful in preventing falls among the elderly with visual impairments.
• Appropriate referral for evaluation of other falls risk factors
• Effective screening and evaluation of visual field loss, and visual acuity
• Correct spectacle prescriptions
• Check vision and glasses after a fall
• Counseling and advice against fixed tint glasses
• Instruction on careful use of new lenses
• Keeping spectacles clean
• Maintaining optimal eye health
• Maintaining optimal nutrition and health status
• Removal of environmental hazards
• Providing good lighting and adding highly contrasting colors in ambulatory environments
• Incorporating exercise and balance and gait training
• Promoting visual attention and cognition
• Regular eye exams
• Medication checks
• Visual training
• Determining what constitutes safe and appropriate floor patterns for areas used by older persons
CONCLUSION
Because more than a million people suffer from a slip, trip, or falling injury each year, falls have come to be recognized as a major threat to the safety, health and independence of elderly persons. In an aging society, having a heightened awareness of various factors associated with falls in elderly persons and a better understanding of some of the methods of preventing falls seems essential. Even if not all studies support a vision impairment falls linkage, the foregoing review and discussion suggests that systematic efforts to implement risk assessment and intervention strategies that utilize a combination of intervention elements for preventing falls and fall-related injuries that include vision related factors is more likely than not to have several important social and economic implications. This is because firstly, such efforts can lead to more efficient use of limited societal resources. Second, such efforts are likely to reduce morbidity and mortality rates attributable to falls among community-dwelling elderly at high risk for falling, thus improving functional status and promoting independent living. Third, the application of improved efforts to maximize vision, and to minimize the degree to which environmental factors and partially mediating risk factors such as functional limitations, and type of visual aid, may increase falls risk among those with limited vision, an individual's risk of falling may be vastly reduced as outlined by Keay et al. [106] , Steinman et al. [107] , and Ellison et al. [108] .
To prevent falls and their very serious consequences for older adults, especially the frail older person [109] , more efforts to routinely encourage practitioners to screen for this important potential serious health risk factor are surely strongly indicated, despite conclusive evidence of a vision falls cause effect linkage [110] . In addition to applying what has been gleaned from studies of vision and visuomotor control in healthy older as well as visually impaired adults [e.g., 111-114, See Table 1 ], which aspects of vision are most predictive of falls and visual function among elderly fallers and non-fallers [115] , what is the link between vision and recurrent falls [116, 117] , and what should be done to maximize vision in public spaces should especially be examined. The role of exercise in preventing falls injury as well as in improving vision directly should also be explored further in the future.
Meantime, to reduce falls risk, recurrent falls, and fractures related to falls among the elderly, validated vision assessments should be routinely applied in primary care settings and others, including depth perception [118] , and recommendations for intervention after that should be tailored and consistent with the activity requirements of the patient, and provided by a highly skilled team of rehabilitation specialists, opthalmologists and physicians, even if other factors are stronger predictors of future falls [119] . To examine the best instrument for screening purposes, more studies concerning the relationships between different measures of vision and the risk of subsequent falls are strongly indicated [23] , as are prospective studies of single versus multiple component interventions to prevent primary and recurrent falls as outlined by Timmins et al. [87] , Yoo [116] , Haran et al. [69] and Klein et al. [120] .
